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Abstract 

Matrix metalloproteinases (MMPs) have 
been implicated in a variety of pathophysiolog- 
ical conditions, of which MMP-7 is expressed 
by tumor cells of epithelial and mesenchymal 
origin. However, the function of MMP-7 in 
human lung adenocarcinoma (LAC) is unclear. 
In the present study the expression of MMP-7 
in LAC was examined by immunohistochemi- 
cal assay using a tissue microarray procedure. 
A loss-of-function experiment was performed 
to explore the effects and molecular mecha- 
nisms of lentiviral vector-mediated MMP-7 
siRNA (siMMP-7) on cell proliferation and 
invasive potential in LAC A549 cells, measured 
by MTT and Transwell assays, respectively. It 
was found that, the expression of MMP-7 pro- 
tein in LAC was significantly increased com- 
pared with that in adjacent non-cancerous tis- 
sues (ANCT) (76.0% vs 44.0%, P<0.001), and 
positively correlated with lymph node metas- 
tases of the tumor (P=0.014). Furthermore, 
targeted inhibition of cyclooxygenase-2 (COX- 
2) by siRNA downregulated the expression of 
MMP-7 and inhibited invasion of LAC cells, 
and knockdown of MMP-7 suppressed tumor 
proliferation and invasion in LAC cells. Taken 
together, our findings indicate that increased 
expression of MMP-7 is associated with lymph 
node metastasis and upregulated by COX-2, 
and promotes the tumorigenesis of LAC, sug- 
gesting that MMP-7 may be a potential thera- 
peutic target for the treatment of cancer. 



Introduction 

Lung cancer is the most commonly diagnosed 
type of cancer and the primary cause of cancer- 
related deaths worldwide.^ The current best 
approach for treatment of cancer is complete 



surgical removal of the tumor and adjacent 
lymph nodes. However, the efficacy of this ther- 
apeutic approach alongside hormone, radio, and 
chemo-therapy are very limited.^ Tumor is also a 
genetic disease that develops from a multi-step 
process. Single or multiple mutations in genes 
related to growth control, invasion, and metas- 
tasis form the molecular genetic basis of malig- 
nant transformation and tumor progression.^ 
Therefore, identification of key genes or targets 
related to tumorigenesis is critical for preven- 
tion and treatment of cancer. 

Matrix metalloproteinases (MMPs), pro- 
duced by stromal fibroblast-like cells in the 
vicinity of various malignancies, have been 
shown to have a significant role in determin- 
ing cancer cell behaviors, of which MMP-7 is 
identified to be overexpressed in non-small 
cell lung cancer (NSCLC)."^^ The expression of 
MMP-7 is higher in adenocarcinoma than in 
the epidermoid form of NSCLC,^ but not in nor- 
mal epithelia.^ MMP-7 is also expressed in 
bronchiolization of alveoli (BCA), a precursor 
of lung cancer, promoting proliferation, migra- 
tion, and attenuation of apoptosis.^ 
Overexpression of MMP-7 is associated with 
tumor proliferation and chemoresistance, and 
constitutes a prognostic factor in several solid 
tumors,^'^'^" suggesting an independent posi- 
tive prognostic factor in NSCLC patients.^^ 

However, some studies have shown that 
MMP-2, but not MMP-7 and MMP-9, may be 
implicated in early-stage tumor invasion, 
metastasis, and apoptosis inhibition in human 
lung adenocarcinoma (LAC).^^ ^'^ MMP-7 expres- 
sion does not significantly correlate with the 
clinicopathological factors and unfavorable 
prognosis in NSCLC.^'^^ Thus, in the present 
study, the expression of MMP-7 in LAC was 
examined by immunohistochemical assay 
using a tissue microarray procedure. A loss-of- 
function experiment was performed to explore 
the function of MMP-7 in LAC A549 cells. We 
hypothesized that MMP-7 might function as an 
oncogen in human LAC, and serve as a potential 
therapeutic target for the treatment of cancer. 

In addition, COX-2 is highly expressed in 
LAC and represents an independent prognostic 
factor. COX-2 can mediate the tumor metas- 
tasis of breast cancer cells through EGFR-acti- 
vated PI3K/Akt and MAPK pathways.!^ 
Targeting COX-2 controls tumor growth, angio- 
genesis, lymphangiogenesis and lung metasta- 
sis in breast cancer, and selective COX-2 
inhibitor celecoxib induces epithelial-mes- 
enchymal transition in lung cancer via activat- 
ing MEK-ERK signaling.18'19 But, whether COX-2 
is involved in the tumorigenesis of LAC 
through regulation of MMP-7 expression is 
unknown. Our present study will clarify the 
regulation of COX-2 on MMP-7 as well as the 
function of MMP-7 in LAC cells. 



Materials and Methods 

Materials 

The LAC A549 cell line used for experiments 
was obtained from the Institute of 
Biochemistry and Cell Biology (Shanghai, 
China). Adenovirus-mediated small interfer- 
ence COX-2 (siCOX-2) and lentivirus-mediated 
MMP-7 siRNA (siMMP-7) vectors, negative 
control vectors, and virion-packaging elements 
were purchased from Genechem (Shanghai, 
China); COX-2 and MMP-7 primers were syn- 
thesized by ABI (Framingham, MA, USA). The 
tissue microarray of human LAC was pur- 
chased from the branch of Biomax (Xi'an, 
China). All antibodies were obtained from 
Santa Cruz Biotechnology (Dallas, TX, USA). 

Drugs and reagents 

Dulbecco's Modified Eagle medium 
(DMEM) and fetal bovine serum (FBS) were 
purchased from Thermo Fisher Scientific Inc. 
(Waltham, MA, USA); TRIzol Reagent and 
Lipofectamine 2000 were obtained from 
Invitrogen (Carlsbad, CA, USA); M-MLV 
Reverse Transcriptase was purchased from 
Promega (Madison, WI, USA); SYBR Green 
Master Mix was obtained from Takara (Otsu, 
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Japan); and the ECL Plus Kit was obtained 
from GE Healthcare (Piscataway, NJ, USA). 

Clinical samples and data 

A tissue microarray was prepared for the 
IHC test using a total of 50 consecutive cases 
of human LAC tissues and corresponding 
ANCT, which were collected from the 
Department of Medical Oncology affiliated 
with Shanghai Pulmonary Hospital ,from June 
2004 and December 2010. The study was 
approved by the Medical Ethics Committee of 
Tongji University School of Medicine, and writ- 
ten informed consent was obtained from the 
patients or their parents before sample collec- 
tion. All of the cases were reviewed by two 
pathologists. 

Tissue microarrays 

For each case, we selected the tumor foci for 
construction of the tissue microarrays during 
routine diagnosis by marking them on the 
hematoxylin-eosin-stained slide using a water- 
proof pencil. The Advanced Tissue Arrayer 
(ATA- 100; Chemicon International, Tamecula, 
CA) was used to create holes in a recipient 
paraffin block and to acquire cylindrical core 
tissue biopsies with a diameter of 1 mm from 
specific areas of the donor block. The tissue 
core biopsies were transferred to the recipient 
paraffin block at defined array positions. The 
resulting tissue microarrays contained tissue 
samples from 50 formalin-fixed, paraffin- 
embedded cancer specimens with known diag- 
nosis and correlated ANCT from patients. 

The block was incubated in an oven at 45°C 
for 20 min to allow complete embedding of the 
grafted tissue cylinders in the paraffin of the 
recipient block and then stored at 4°C until 
microtome sectioning. 

Immunohistochemical staining 

Anti-MMP-7 and COX-2 antibodies were 
used for IHC detection of the expression of 
MMP-7 and COX-2 protein in tissue microar- 
rays. Tissue microarray sections were 
processed for IHC analysis of MMP-7 and COX- 
2 protein as follows. Immunohistochemical 
examinations were carried out on 3 mm thick 
sections. For anti- MMP-7 and COX-2 immuno- 
histochemistry, unmasking was performed 
with 10 mM sodium citrate buffer, pH 6.0, at 
90°C for 30 min. For anti-MMP-7 and COX-2 
immunohistochemistry, antigen unmasking 
was not necessary. Sections were incubated in 
0.03% hydrogen peroxide for 10 min at room 
temperature, to remove endogenous peroxi- 
dase activity, and then in blocking serum 
(0.04% bovine serum albumin, A2153, Sigma- 
Aldrich, Shanghai, China; and 0.5% normal 
goat serum X0907, Dako Corporation, 
Carpinteria, CA, USA, in PBS) for 30 min at 
room temperature. Anti- MMP-7 and COX-2 



antibodies were used at a dilution of 1:200. 
The antibody was incubated overnight at 4°C. 
Sections were then washed three times for 5 
min in PBS. Non-specific staining was blocked 
with 0.5% casein and 5% normal serum for 30 
min at room temperature. Finally, staining was 
developed using diaminobenzidine substrate, 
and sections were counterstained with hema- 
toxylin. Normal serum or PBS was used to 
replace anti-MMP-7 and COX-2 antibodies in 
negative controls. 

Quantification of MMP-7 protein 
expression 

MMP-7 expression was semiquantitatively 
estimated as the total MMP-7 immunostaining 
score, which was calculated as the product of a 
proportion score and an intensity score. The 
proportion score reflected the fraction of posi- 
tively stained cells (score 0, <5%; score 1, 
5%-10%; score 2, 10%-50%; score 3, 50%-75%; 
score 4, >75%). The intensity score represent- 
ed the staining intensity (score 0, no staining 
signal; score 1, weak positive signal; score 2, 
moderate positive signal; score 3, strong posi- 
tive signal). Finally, a total expression score 
was given, ranging from 0 to 12. The score 0 
was regarded as negative, score 1-3 was 
regarded as -h, score 4-6 was regarded as 
score 7-9 was regarded as and score 10- 
12 was regarded as ++++. Two observers esti- 
mated the total immunostaining score, inde- 
pendently and blindly. The total score reported 
was the average of two observers. 

Cell culture and transfection 

LAC A549 cells were cultured in DMEM 
medium supplemented with 10% heat-inacti- 
vated FBS, 100/mL of penicillin, and 100 pig/mL 
of streptomycin. Cells in this medium were 
placed in a humidified atmosphere containing 
5% CO2 at 37°C. Cells were subcultured at a 1:5 
dilution in medium containing 300 pg/mL 
G418 (an aminoglycoside antibody, commonly 
used stable transfection reagent in molecular 
genetic testing). On the day of transduction, 
LAC cells were replated at 5x10^ cells/well in 
24-well plates containing serum-free growth 
medium with polybrene (5 mg/mL). When 
reached 50% confluence, cells were transfect- 
ed with recombinant experimental virus or 
control virus at the optimal MOI (multiplicity 
of infection) of 50, and cultured at 37°C and 
5% CO2 for 4 h. Then supernatant was discard- 
ed and serum containing growth medium was 
added. At 2 days of post-transduction, trans- 
duction efficiency was measured by the fre- 
quency of green fluorescent protein (GFP)- 
positive cells under a fluorescence microscope. 
The transduction efficiency of lentivirus-medi- 
ated shMMP-7 was calculated according to the 
ratio of fluorescent cells and non-fluorescent 
cells, arriving at more than 70%. Positive and 



stable transfectants were selected and expand- 
ed for further study. The MMP-7 siRNA virus 
vector-infected clone, the negative control vec- 
tor-infected cells, and LAC cells were named as 
siMMP-7 group, negative control (NC) group, 
and LAC control (CON) group, respectively. 

Quantitative real-time PCR 

To quantitatively determine the mRNA 
expression levels of COX-2 and MMP-7 in LAC 
A549 cell line. Real-time PCR was performed. 
Total RNA was extracted from each clone using 
TRIzol according to the manufacturer's protocol. 
Reverse transcription was carried out using M- 
MLV and cDNA amplification was performed 
using the SYBR Green Master Mix kit according 
to the manufacturer's guidelines. The MMP-7 
gene was amplified using a specific oligonu- 
cleotide primer and the human glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH) gene was 
used as an endogenous control. Data were ana- 
lyzed using the comparative Ct method (2-^^^^). 
Three separate experiments were performed for 
each clone. 

Western blot assay 

LAC A549 cells were harvested and protein 
extracted using lysis buffer (Tris-HCl, SDS, 
mercaptoethanol, and glycerol). Cell extracts 
were boiled for 5 min in loading buffer, and 
then an equal amount of cell extracts was sep- 
arated on 15% SDS-PAGE gels. Separated pro- 
tein bands were transferred onto polyvinyli- 
dene fluoride (PVDF) membranes, which were 
subsequently blocked in 5% skim milk powder. 
Primary antibodies against COX-2, MMP-7 and 
PCNA were diluted according to the manufac- 
turer's instructions and incubated overnight at 
4°C. Subsequently, horseradish peroxidase- 
linked secondary antibodies were added at a 
dilution of 1:1000 and incubated at room tem- 
perature for 2 h. The membranes were washed 
3 times with PBS, and the immunoreactive 
bands were visualized using the ECL Plus Kit 
according to the manufacturer's instructions. 
The relative protein levels in different cell 
lines were normalized to the concentration of 
|3-actin. Three separate experiments were per- 
formed for each clone. 

Cell proliferation assay 

Cell proliferation was analyzed using the 
MTT assay. Briefly, cells infected with MMP-7 
siRNA-virus were incubated in 96-well-plates 
at a density of 1x10^ cells per well with DMEM 
medium supplemented with 10% FBS. Cells 
were treated with 20 \\L of MTT dye at 0, 24, 48, 
72, and subsequently incubated with 150 piL of 
DMSO for 5 min. The color reaction was meas- 
ured at 570 nm using an Enzyme 
Immunoassay Analyzer (Bio-Rad, Hercules, 
CA, USA). The proliferation activity was calcu- 
lated for each clone. 
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pH]-thynnidine incorporation 

DNA synthesis was determined by measur- 
ing [^H]-tiiymidine incorporation. Cells were 
plated onto 24-well plates at a density of 
1.0x10^ cells/well in quadruplets. Cells were 
serum deprived for 24 h, and serum stimulated 
in culture media containing 1.5 piCi/mL tritiat- 
ed thymidine ([^H]dT) (specific activity of 740 
GBq/mmol) (Perkin-Elmer, Waltham, MA, 
USA) for 4 h. Cells were fixed and washed in 
ice-cold 10% trichloroacetic acid. DNA was sol- 
ubilized in 0.1 mol/L NaOH for Ih at 37°C. 
[^H]dT incorporated into the DNA was meas- 
ured using liquid scintillation counting. 

Transwell invasion assay 

Transwell filters were coated with Matrigel 
(3.9 mg/mpL; 60-80 pL) on the upper surface of 
a polycarbonate membrane (diameter, 6.5 mm; 
pore size, 8 pm). After incubating at 37°C for 30 
min, the Matrigel solidified and served as the 
extracellular matrix for analysis of tumor cell 
invasion. Harvested cells (1x10^) in 100 pL of 
serum-free DMEM were added into the upper 
compartment of the chamber. A total of 200 pL of 
conditioned medium derived from NIH3T3 cells 
was used as a source of chemoattractant, which 
was placed in the bottom compartment of the 
chamber. After 24 h of incubation at 37°C with 
5% CO2, the medium was removed from the 
upper chamber. The non-invaded cells on the 
upper side of the chamber were scraped off with 
a cotton swab. Cells that had migrated from the 
Matrigel into the pores of the inserted filter were 
fixed with 100% methanol, stained with hema- 
toxylin, then mounted and dried at 80°C for 30 
min. The number of cells invading through the 
Matrigel was counted in 3 randomly selected 
visual fields from the central and peripheral por- 
tion of the filter by using an inverted microscope 
(200 X magnification). Each assay was repeated 
3 times. 

Statistical analysis 

SPSS 20.0 was used for statistical analyses. 
The Kruskal-Wallis H test, test, and one-way 
analysis of variance (ANOVA) were employed 
to analyze the expression rate in all groups. 
The LSD method of multiple comparisons was 
used when the probability for ANOVA was sta- 
tistically significant. Significance was defined 
as P<0.05. 



Results 

The expression of MMP-7 and 

COX-2 in LAC tissues 

The expression of MMP-7 and COX-2 protein 
was evaluated using IHC staining in LAC tis- 
sues. As shown in Figure 1, different levels of 



positive expression of MMP-7 and COX-2 pro- 
tein were examined in LAC tissues. Positive 
MMP-7 and COX-2 immunostaining was local- 
ized in the cytoplasm of cancer tissue cells. 
According to the MMP-7 immunoreactive 
intensity, the positive expression of MMP-7 
and COX-2 was significantly increased in LAC 
tissues compared with those in ANCT 
(P<0.001) (Table 1). 

Association between MMP-7 
expression and clinicopathologic 
characteristics 

The relationship between MMP-7 expres- 
sion and various clinical and pathologic char- 



acteristics of LAC patients was analyzed. As 
indicated in Table 2, no significant correlation 
was found between MMP-7 expression and age 
or gender. According to the pathological TNM 
staging, the cases were divided into two 
groups: stage I+II and stage III+IV. The group 
with early stage showed elevated rate of MMP- 
7 expression, but these two groups had no sig- 
nificant difference (P=0.175). Neither did the 
group T1+T2 and group T3+T4 based on tumor 
size (P=0.943). The cases were then divided 
into two groups: those with and those without 
lymph node metastases. The rate of MMP-7 
expression was higher in 50.0% (25/50) of LAC 
with lymph node metastases than that in 




Figure 1. The expression of MMP-7 protein in LAC tissues (magnification: 200x). LAC 
tissues were immunohistochemically stained with an anti-MMP-7 and COX-2 antibodies 
and classified as positive expression (A) and negative expression (C). Adjacent non-can- 
cer tissues were immunohistochemically stained with an anti-MMP-7 antibody and clas- 
sified as positive expression (B) and negative expression (D). COX-2 was highly expressed 
in LAC tissues (E) and lowly expressed in ANCT (F). Positive immunostaining of MMP- 
7 and COX-2 was mainly localized in the cytoplasm of tumor and tissue cells. Scale bars: 
A C, E,F) 75 fim; D) 150 pm. 
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26.0% (13/50) of LAC without lymph node 
metastases (P=0.014). 

The effect of COX-2 on the 
expression of MMP-7 and cell 
invasion 

According to our previous work,^" adeno- 
virus-mediated siCOX-2 was successfully con- 
structed, and used to instantly transfect into 
LAC A549 cells. Then, the mRNA and protein 
expression levels of COX-2 and MMP-7 were 
detected by Real-time PCR (Figure 2 A,B) and 
Western blot assays (Figure 2 C-F). It was 
shown that the expression levels of COX-2 and 
MMP-7 were both decreased in siCOX-2 group 
compared to negative control group (NC) and 
untreated group (CON) (**P<0.01). To deter- 
mine the effect of COX-2 on the invasive 
potential of LAC cells, the Transwell assay was 
carried out. It was found that the invasive 
potential of LAC cells was markedly decreased 
in siCOX-2 group compared to NC and CON 
groups (**P<0.01) (Figure 3 A,B). 



Knockdown of MMP-7 expression 
in LAC A549 cells 

After LAC A549 cells were stably transfected 
with lentivirus-mediated siMMP-7, the mRNA 
and protein expression level of MMP-7 were 
examined by Real-time PCR (Figure 4A) and 
Western blot assays (Figure 4 B,C). We found 
that the expression level of MMP-7 was signif- 
icantly knocked down by siRNA in siMMP-7 
group compared to NC and CON groups 
(**P<0.01). 

The effect of MMP-7 knockdown on 
cell proliferation 

To confirm the effect of MMP-7 knockdown 
on tumor growth in LAC A549 cells, we evaluat- 
ed the proliferative activities of LAC cells by 
MTT assay. We found that MMP-7 knockdown 
markedly suppressed the proliferative activi- 
ties of LAC cells in a time-dependent manner 
compared to NC and CON groups (Figure 5A). 
Thus, the effect of MMP-7 knockdown on cell 
proliferation was further established by meas- 



Table 1. The expression of MMP-7 protein in human lung adenocarcinoma. 



Target 


Group 


Total 




+ 


Score 
++ 


+++ 


Positive rate 

(%) 


t 


P 


MMP-7 


LAC 


50 


12 


11 


21 


6 


76.0 


16.328 


<0.001 


ANCT 


50 


28 


14 


7 


1 


44.0 








COX-2 


LAC 


50 


7 


19 


15 


9 


86.0 


8.039 


0.005 


ANCT 


50 


21 


14 


11 


4 


58.0 









LAC, lung adenocarcinoma; ANCT, adjacent non-cancerous tissues. 



Table 2. Correlation of MMP-7 expression with clinicopathologic characteristics of LAC 
patients. 



Variables 


Cases (n) 




MMP-7 

+ 




P 


Total 


50 


12 


38 






Age (years) 












<60 


28 


7 


21 


0.034 


0.853 


>60 


22 


5 


17 






Gender 












Male 


31 


8 


23 


0.143 


0.705 


Female 


19 


4 


15 






TNM staging 












1-Kll 


29 


9 


20 


1.836 


0.175 


111-KlV 


21 


3 


18 






Tumor size 












T1-KT2 


42 


10 


32 


0.005 


0.943 


T3-KT4 


8 


2 


6 






Lymph node metastases 












No 


22 


9 


13 


6.035 


0.014 


Yes 


28 


3 


25 







LAC, lung adenocarcinoma. 



uring [^H]dT incorporation following 4 h 
serum stimulation of cells deprived of serum 
for 24 h. The increase of [^H]dT incorporation 
induced by serum was higher in CON and NC 
groups than in siMMP-7 group, and the differ- 
ence was statistically significant (**P<0.01) 
(Figure 5B). To understand molecular mecha- 
nisms of MMP-7 on cell proliferation, we exam- 
ined the expression of PCNA in Lv-siMMP-7- 
transfected LAC cells by Western blot assay 
(Figure 5 C,D), indicating that the expression 
level of PCNA was significantly reduced in 
siMMP-7 group compared to NC and CON 
groups (**P<0.01). 

The effect of MMP-7 knockdown on 
cell invasion 

To determine the effect of MMP-7 knockdown 
on the invasive potential of LAC cells, a 
Transwell assay was performed. The invasive 
potential of tumor cells in Transwell assay was 
determined by the ability of cells to invade a 
matrix barrier containing laminin and type IV 
collagen, the major components of the base- 
ment membrane. Representative micrographs 
of Transwell filters can be seen in Figure 6A. We 
found that the invasive potential of LAC cells 
was decreased in siMMP-7 group compared to 
NC and CON groups (**P<0.01) (Figure 6B). 



Discussion 

Matrix metalloproteinases (MMPs) play a 
crucial role in physiological and pathological 
matrix turnover. Some studies have shown 
that, the expression of MMP-1, -2, -7 and -10 is 
significantly increased in NSCLC, and can 
serve as independent prognostic factors for 
unfavorable outcome.^^'^^ Increased expression 
of MMP-1/-9 stimulates cell invasion and 
metastasis of lung cancer cells,^^ while tissue 
inhibitors of MMPs inhibited cell invasion of 
LAC cells,24 suggesting that MMPs including 
MMP-7 may play an important role in the 
development of LAC. MMP-7, also known as 
matrilysin, is a minimal domain MMP that 
exhibits proteolytic activity against compo- 
nents of the extracellular matrix (ECM). MMP- 
7 is frequently overexpressed in human cancer 
tissues and plays an important role in cancer 
progression.^^ Overexpression of MMP-7 is cor- 
related with differentiation, lymph node 
metastasis and local invasiveness in some can- 
QQY^2G,27 Moreover, it contributes to a poor 
prognosis in patients with colorectal cancer 
(CRC),^^ intrahepatic cholangiocarcinoma^^ 
and renal cell carcinoma,^" suggesting that 
MMP-7 can be used as a predictive marker of 
unfavorable prognosis in cancer patients. 
Considering the few studies of MMP-7 in LAC 
metastasis, in our present study, it was found 
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Figure 2. The effect of COX-2 on the expression of MMP-7. After 
LAC A549 cells were transfected with siCOX-2 adenovirus for 24 
h, the expression levels of COX-2 and MMP-7 were detected by 
Real-time PCR (A, B) and Western blot assays (C-F). The expres- 
sion of COX-2 and MMP-7 was significantly decreased in siCOX- 
2 group compared with the CON and NC groups (each **P<0.01), 
suggesting that COX-2 might upregulate the expression of MMP- 
7 in LAC cells. 
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Figure 4. Knockdown of MMP-7 expression in LAC A549 cells. 
After LAC A549 cells were transfected with siMMP-7 lentivirus 
for 24 h, the expression level of MMP-7 was detected by real-time 
PCR (A) and Western blot assays (B,C), indicating that the 
expression of MMP-7 could be knocked down in siMMP-7 group 
compared with CON and NC groups (**P<0.01). 



^ CON NC siCOX-2 




Figure 3. The effect of COX-2 knockdown on cell invasion. A,B) 
Transwell assay was used to determine cell invasion; cell invasive 
potential was markedly inhibited in siCOX-2 group compared 
with the CON and NC groups (**P<0.01), suggesting that target- 
ed inhibition of COX-2 might block invasion of LAC cells. Scale 
bars: A) 75 fim. 




"IlliiiL^liiii 

f CON NCaiMMP^T a- CON NC siMMP-7 



Figure 5. The effect of MMP-7 knockdown on cell proliferation. 
A) MTT assay was used to evaluate cell proliferative activity for 
consecutive 3 days; cell proliferative activity was remarkably 
diminished in a time-dependent manner in siMMP-7 group com- 
pared with the CON and NC groups (**P<0.01). B) [^H] thymi- 
dine incorporation into DNA was assessed by scintillation count- 
ing. Results are expressed as percentage of increase of [^H] thymi- 
dine incorporation in serum-stimulated cells over that of quies- 
cent cells for each cell population, indicating that the increase of 
PH]dT incorporation induced by serum was higher in CON and 
NC groups than in siMMP-7 group (**P<0.01). C,D) The expres- 
sion level of PCNA protein, examined by Western blot assay, was 
downregulated in siMMP-7 group compared with the CON and 
NC groups (**P<0.01), suggesting that knockdown of MMP-7 
might inhibit proliferation of LAC cells through downregulation 
of PCNA expression. 
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Figure 6. The effect of MMP-7 knockdown on cell invasion. A,B) Transwell assay was per- 
formed to determine cell invasion; cell invasive potential was markedly weakened in 
siMMP-7 group compared with the CON and NC groups (**P<0.01), suggesting that 
knockdown of MMP-7 might inhibit invasion of LAC cells. Scale bar: A) 75 fim. 



that MMP-7 was highly expressed in the cyto- 
plasm of LAC tissues compared to the ANCT, 
and correlated with lymph node metastases in 
LAC patients, indicating that cytoplasmic accu- 
mulation of MMP-7 might be involved in the 
development and progression of LAC. 

Furthermore, some studies show that over- 
expression of MMP-7 promotes tumorigenesis 
through enhancing cell migration, invasion 
and cellular proliferation,^^'^^ while antisense 
oligonucleotide targeting MMP-7 inhibits 
tumor growth and invasion.^^ In addition, inhi- 
bition of MMP-7 activity by its specific or non- 
specific inhibitor suppresses tumor metastasis 
and angiogenesis in lung cancer.^^-^"^ Inversely, 
Liu et al. have found that MMP-7 inhibits pro- 
liferation and modulates sensitivity of lung 
cancer cells to FasL-mediated apoptosis,^^ indi- 
cating that MMP-7 may be multiple, multifari- 
ous, and multifaceted functions involving in 
tumorigenesis. Up to now, few reports have 
been reported about the function of MMP-7 in 
LAC cells. Our present study showed that 
knockdown of MMP-7 by RNA interference sup- 
pressed the expression of PCNA and prolifera- 
tive activity of LAC cells. PCNA is a nuclear pro- 
tein that is expressed in proliferating cells and 
may be required for maintaining cell prolifera- 
tion, and used as a marker for cell proliferation 
of LAC.^^ Thus, our data showed knockdown of 
MMP-7 might reduce cell proliferation of LAC 
cells through downregulation of PCNA expres- 
sion. In addition, knockdown of MMP-7 could 
also weakened invasive potential of LAC cells, 
suggesting MMP-7 might act as an important 
therapeutic target for LAC. 

Recently, how MMP-7 is regulated by 
upstream factors including COX-2 becomes the 
focus of many studies. Although multiple genet- 
ic alterations are necessary for lung cancer 



invasion and metastasis, COX-2 is involved in 
the progression of NSCLC and provides an 
insight into opportunities for targeted therapies 
in NSCLC.37'38 cOX-2 has been reported to be 
associated with MMP-7 expression and COX-2 
plus MMP-7 can serve as potential biomarkers 
for CRC screening.^^ However, how COX-2 inter- 
acts with MMP-7 in lung cancer is unknown. In 
the present study, we found that knockdown of 
COX-2 gene could downregulate the expression 
of MMP-7 from transcriptional and translational 
levels, and inhibited cell invasion in LAC cells, 
suggesting that COX-2 might be involved in the 
tumorigenesis and progression of LAC through 
upregulation of MMP-7 expression. 

In conclusion, our findings indicate that ele- 
vated expression of MMP-7 is associated with 
a higher incidence of metastases in human 
LAC; MMP-7 is upregulated by COX-2 and pro- 
motes growth and invasion of LAC cells, sug- 
gesting that MMP-7 may be a potential thera- 
peutic target for the treatment of cancer. 
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